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were tetrasporophytes from Diego Garcia in a remote area 
of the central Indian Ocean in the Chagos Archipelago. 
Agardh did not illustrate the species but said that the 
tetrasporangia of these plants were borne in stichidia typical 
for Dasya. Weber-van Bosse examined specimens that 
apparently are the same species from another rather isolated 
atoll, Aldabra Island, an outlying island in the south-western 
part of the Seychelles Archipelago, but a place that is closer 
to the African continent. Her specimens were sterile. 
These are the only published records for Amphisbetema 
and indicate that it occurs in tropical regions slightly south 
of the equator. The discovery of specimens of Amphisbete-
ma indica in northern Natal (Nat 5292, legit P. Sydenham 
by diving to 18 m at Two Mile Reef, Sordwana Bay, 15 
May 1986, Figure 1, in NU), therefore, extends the habitat 
of this genus and species not only to the African continent, 
but also into the northern part of South Africa. 
Although, unfortunately, the Natal specimens are not in a 
mature fertile condition, there are two unusual types of 
branch structures that have not been previously noted for the 
genus. One type of branch is possibly a developmental stage 
in formation of tetrasporangial stichidia (Figure 2). The 
other unusual branch structure is a unilateral enlargement of 
determinate branch tips and probably does not represent a 
reproductive structure (Figure 3). 
The presence near branch apices of enlarged cells with 
dense contents (Figures 3 - 5) that resemble the protein-
aceous material in 'gland cells' of other Ceramiales, was a 
character discussed but not clearly illustrated by Weber-van 
Bosse (1913). These cells always occur singly near the 
branch tip, usually as part of a spine-like uniseriate branch 
apex (Figures 3, 4) but sometimes as a single cell near or at 
the distal end of the region bearing pericentral cells that 
extend one or two segments distal to the enlarged cell 
(Figure 5). Other branches without the enlarged cells with 
dense contents terminate in a long uniseriate series of cells 
that taper to narrow-celled apices (Figure 3). 
Y -shaped wall junctions, a character used by Parsons 
(1975) to characterize the Dasyaceae, are present in Amphis-
belema. More details on reproductive structures are still 
necessary before relationships of this genus can be estimated 
within the Dasyaceae. The form of the presumed tetra-
sporangial stichidium (Figure 2) is similar to that of 
Dictyurus Bory and some species of Thuretia Decaisne, two 
other dorsiventrally branched, but dictyoid, genera in the 
Dasyaceae [see Kylin (1956) and Parsons (1975) for 
descriptions of these generaJ . 
It is hoped that this report will stimulate interest in col-
lecting more specimens of this genus and that details of its 
mature reproductive structures, particularly the gameto-
phytes, may soon be educed. 
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The potential for using thermocouple psychrometry to 
investigate water stress in a liverwort was investigated. 
Results suggested that turgor loss, as measured with thermo-
couple psychrometry, correlates well with other indicators of 
stress-induced damage, and can be usefully employed to 
measure stress effects in bryophytes. 
Most bryophytes are poikilohydric, that is, although 
plants dry out almost as rapidly as their surrounding en-
vironment, they can resume metabolic activity on remoisten-
ing (Richardson 1981). The extent of damage a plant suffers 
during desiccation and rehydration depends on various 
factors. These include species, habitat, time of year, speed 
of drying and rewetting and the length of time a plant 
remained dry [see review by Proctor (1982)J. Techniques 
used to determine damage include loss of ions and low 
molecular weight metabolites, photosynthesis and respira-
tion, chlorophyll content, ATP content and the ability to 
grow after stress (Proctor 1982). The aim of this study was 
to test whether turgor loss, as measured with thermocouple 
psychrometry, can be used to evaluate stress effects in 
bryophytes. 
Dumortiera hirsuta (Sw.) Reinw. BI. & Nees was collect-
ed moist from the Ferncliffe Nature Reserve, Pietermaritz-
burg, Natal, Republic of South Africa. Liverworts were cut 
into 12-mm disks and throughout the experiment these were 
stored on moist filter paper at 14°C and a light intensity of 
70 fJ-mol m-2 S-I. 
Liverwort disks were desiccated as follows. Photosyn-
thesis, respiration, potassium concentration and water poten-
tial (1/1) and its components were measured at the start of the 
experiment (day 0). Half the disks were stored at 100% 
relative humidity (RH). The remaining disks were placed at 
53% RH for 24 h. The relative water content of these disks 
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dropped from 92 to 12% and 1/1 from values close to zero 
down to at least -13 MPa as measured with the thermo-
couple psychrometer. The disks at 53% RH were then trans-
ferred to 100% RH for 24 h, during which time they regain-
ed similar relative water contents to the undesiccated 
controls. Photosynthesis, respiration, potassium concentra-
tion and 1/1 and its components were measured immediately 
and after 4 and 14 days in both the material kept continually 
moist and the desiccated material. 
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Photosynthesis and respiration were determined using a 
modification of the method of Brown et ai. (1981). This 
involved incubating 5 lightly blotted disks in a 25-ml speci-
men bottle for 10 min at 25°C and a light intensity of 160 
Il-mol m-2 S-l and then in the dark, also for 10 min. The 
relative water content of the disks was ca. 92%. Preliminary 
experiments revealed that this was close to the optimal 
water content for photosynthesis for these plants. Other 
preliminary experiments showed that a light intensity of 160 
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Figure 1 A. Gas exchange in Dumorliera hirsula maintained continuously moist (4)or subjected for 24 h to 53% RH (e). Positive 
values indicate gross photosynthesis in the light and negative values indicate respiration in the dark. In these, and all subsequent graphs, 
the error bars represent the least significant differences (P = 0.05) . B. Changes in t/J (e), t/J", (4) and ifrr (_) in D. hirsuta m* 
continually moist. C. Changes in t/J (e), t/J-rr (4) and ifrr (_) in D. hirsuta subjected for 24 h to 53% RH. D. Potassium conc 
disks of D. hirsuta maintained continuously moist (e) or subjected for 24 h to 53% RH (4).E. Dry weight of five disks of D. hirsuta 
maintained continuously moist (e) or subjected for 24 h to 53% RH (4). 
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flmol m-2 S- 1 nearly saturated photosynthesis. The C(h con-
centration in the bottles was measured initially, after the 
incubation in the light, and after the incubation in the dark, 
and never dropped below 200 p.p.m. 
After determination of photosynthesis and respiration 
rates, disks were dried to constant weight at 80°C, then 
weighed. They were then shaken for 1 h in 1M HN~ and 
the resulting solution was analysed for potassium using 
atomic absorption spectrophotometry in an air/acetylene 
flame. All samples and standards were spiked with 1000 
p.p.m. CsCl2 to prevent potassium ionization. 
The values of l/I and its components were measured as 
follows . A 12-mm disk was lightly blotted and placed in a 
sample cup in a Decagon SC-1OA thermocouple psychrom-
eter linked to a Wescor HR-33T microvoltrneter. After ca. 
1 h the disks had equilibrated with the air in the sample 
cups, and l/I was measured. The sample cups were then 
removed from the psychrometer, wrapped in at least three 
layers of 'parafilm' and immersed in liquid nitrogen. The 
cups were then allowed to warm to room temperature (ca. 
1 h). The parafilm was then removed, and the sample cups 
were rapidly transferred back to the thermocouple psy-
chrometer. After an equilibration time of ca. 1 h, l/I'f[ (the 
osmotic potential) was determined. Turgor potential (l/Ir) 
was calculated as the difference between l/I and l/I'f[' Standard 
solutions of known water potential were always run with 
samples. 
In plants maintained continually moist, photosynthesis 
and respiration remained constant throughout the experiment 
(Figure 1A). In stressed material, the rate of photosynthesis 
dropped to zero following desiccation, and did not recover; 
the rate of respiration was lower by the end of the experi-
ment. While many bryophytes are desiccation-tolerant, D . 
}UrSUla is very sensitive, resembling the liverwort Cono-
cepha/um conicum (L.) Underw., where photosynthesis was 
totally inhibited when l/I fell to only -1.28 MPa (Slavik 
1965). 
Water potential and its components remained constant in 
unstressed plants (Figure 1B). The values of l/I'f[ found for 
D. }Ursula are in good agreement with those published for 
other thalloid liverworts of wet habitats (Proctor 1982). 
Desiccation reduced l/Ir to close to zero (Figure 1C). On day 
3 of the experiment, immediately after desiccation, l/I fell to 
close to l/I.,. Taken together, these data suggest that on day 3 
of the experiment, the desiccation stress had almost com-
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pletely destroyed the integrity of cell membranes. The 
increase in l/I'f[ was caused by the loss of potassium from the 
plants (Figure 1D), and this trend continued until the end of 
the experiment. Although the material maintained continu-
ously moist appeared to lose potassium (Figure 1D), the 
reason for this was that these plants were increasing in dry 
weight during the experiment (Figure IE), and thus growth 
dilution of potassium occurred. The desiccated plants lost 
weight during the experiment (Figure IE), probably because 
of, fIrstly, the loss of ions and low molecular weight 
metabolites and, secondly, continued respiration but not 
photosynthesis (Figure 1A). 
Results presented here show that turgor loss correlates 
well with other indicators of stress damage, e.g. photosyn-
thesis, respiration and potassium loss. Using the thermo-
couple psychrometer also yields other useful information, 
e.g. l/I'f[' The method can be refined to correct for apoplastic 
water by constructing a pressure-volume curve [see article 
by Gierma and Krieg (1992) for appropriate calculations] , 
but the error involved by ignoring this seems small for the 
species tested to date. 
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